The responses in New Zealand to the opportunities of refrigeration transformed farming in the Dominion during the half century from 1890. Closer settlement and the extension of the cultivated area combined with more intensive farming methods to increase land productivity and real GDP capita to the extent that living standards in New Zealand measured by the HDI ranked first in the world by 1913. In contrast, real wages in the Dominion stagnated. The refrigeration related trade boom had powerful income distribution effects that increased sharply the land rental-wage ratio during the years to 1920. Widely diffuse land ownership in New Zealand tempered the rise in income inequality, to set the Dominion apart from other land abundant economies of the periphery.
INTRODUCTION
The opportunities provided by refrigeration had powerful effects on New Zealand's economy in the half-century before World War II. The rise of dairy and meat farming was associated with closer settlement, more intensive farming methods, and higher land productivity.
1 New Zealand's real GDP per capita fell during the 1870s and 1880s, but as the refrigeration boom took effect after 1890, real GDP per capita growth accelerated. 2 In 1913 the Dominion's real GDP per capita adjusted for purchasing power parity was among the highest in the world, and it ranked first in 1938. 3 Trade influenced relative factor prices as well as productivity in New Zealand, although the distributional effects of the refrigeration boom are largely neglected in the Dominion's historiography.
The purpose of this article is to assess how the refrigeration related trade expansion in New Zealand after 1890 influenced income distribution, measured by the land rental-wage ratio, and real wages. We have shown elsewhere that real wage growth in the Dominion was fast in the period 1873-90, despite the stagnation of real GDP per capita during these years. 4 In contrast, real wage growth slowed when real GDP per capita growth accelerated in the refrigeration era after 1890. The data in Table 1 show that real wage growth was only around half the pace of real GDP per capita growth between , and that the disparity was especially marked during the quarter century to World War One.
Over the years 1873-1939 New Zealand's real wage and real GDP per capita growth were similar, but income distribution initially favoured landowners during the refrigeration era after 1890. There was a land price boom between 1890-1920, while real wages stagnated over these years. However, land ownership in the Dominion became increasingly diffuse after 1890, which tempered the rise in income inequality associated with the rise in the rental-wage ratio. In the 1880s New Zealand's economic activity centred on the South Island, and on the export of wool, principally from the great pastoral estates. Thereafter, the economic frontier shifted northwards, stimulated by the export of dairy products and frozen meat, and the shift was accompanied by a rise in the social depth of land ownership. Refrigeration and dairying technology developments underpinned the drift north, but bringing more of the richer, wetter lands of the North Island into productive use also depended upon the construction of a transport infrastructure and on the pacification of Maori. By 1913 dairy products and frozen meat exports exceeded the value of wool exports, and they were twice as great in 1920. Lands, Percy Smith argued that such leases were practically the same as freehold, and carried rights of sale, sub-lease, mortgage, or disposition by will, although they had conditions, for example a requirement to occupy and improve the land. 22 The system was intended to encourage closer settlement by keeping the capital cost of new farm formation low, and to encourage the improvement and the utilization of land.
Subsequent legislation gave leaseholders a right to purchase the freehold, and
Condliffe estimated that by 1914 only around 25% of farm land remained genuinely leasehold, since maintaining this form of tenure fettered speculation in the rising rural land-market to 1920. 23 Average farm size fell after 1890, and activity in the rural land market accelerated. 24 Selling land had become cheap and simple in New Zealand after the Torrens system of land registration was adopted in 1870. 25 Titles to land were not held in the form of deeds, but by registration at a land office. The advantage was in providing secure titles at low cost and without survey, which diminished barriers to the frequent transfer of rural land. The data arising from land transfers under the registration system are an important source of price information, given the frequency with which rural land changed hands.
Callaghan measured Canterbury land prices for the years 1870-1914, distinguishing between agricultural and pastoral land, using a variety of sources, including the lease register for Canterbury College lands, sales' reports in the 22 Appendices to the Journals of the House of Representatives, 1893 section C. 23 Condliffe, New Zealand in the making, p. 239. The data appear to show leasehold was more commonplace, but they include the Crown pastoral leases, which were chiefly upland sheep pastures in the South Island, and such land was unsuited to closer settlement. 24 The mean size of non-Crown pastoral lease farms fell from 489 to 353 acres between 1881 and 1906, though Gould, The Occupation of Farm Land, also notes regional variation. 25 New legislation in 1870 effectively established the system, see Appendices to the Journals of the House of Representatives, 1871 section C.
Lyttleton Times, and, from 1896, the Crown's valuation rolls. 26 Condliffe and Rodwell extended the price series reported by Callaghan for years to 1925, although they refrained from distinguishing agricultural and pastoral land prices, arguing that land use often interchanged. 27 The chief advantages of the Canterbury data are that they are for rural land in what was, until the 1890s, New Zealand's principal farming-region.
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Rather differently, Low utilized data from the annual reports of the Land
Registrar to measure North Island land prices. 29 Arnold followed Constructing land price series is typically hindered by variations in the quality of land that is sold each year. For New Zealand, however, the rural land market was highly active, reaching over 20,000 transfers and 2 million acres per annum between 1910-14, and average transfer prices are thus based on substantial information.
However, for the years to 1914 there is a problem in using the registration data to measure rural prices since the reported average value of land transfers is a composite 26 Callaghan, 
Real wages in New Zealand
The nominal wage series shown in Figure 2 is for non-agricultural labourers. arbitration boards. As such they reflect the movement of wage rates in each of the five sectors, rather than actual levels. The arbitration courts met frequently, often several times within the same year when markets were volatile, and the awards probably correspond closely with average wage movements. 35 Figure 2 shows the average real wage series for the years 1873-1939, and also real land prices (combining the Canterbury and rural transfers data), utilizing the same deflator.
New Zealand real wages rose strongly to the early 1890s, averaging 1.8% p.a. 
The Wage-Rental Ratio
New Zealand's wage rental ratio, see Figure 3 , generally fell to 1920, but the years between 1885-95 saw the downward trend interrupted, and land prices fell sharply during the banking crisis of 1887-9. 36 During the period between the world wars, relative factor price shifts generally favoured wages, with the wage-rental relativity returning to the 1890s ratio in the 1930s. However, there was a sharp land price rise in 1937, which returned the wage rental ratio to a level similar to that in the early 1920s.. New Zealand's wage-rental experience shows both similarities and differences with other land abundant economies over the years . Before the Great War, the decline in the ratio for New Zealand was less sharp than in the southern cone of 36 These were also years of net outflows of migrants from New Zealand.
the Americas, and the Dominion's profile was most like that of her near neighbour across the Tasman, Australia. Even before taking into account more widely dispersed land ownership in New Zealand, the shifts in income distribution towards landowners in the Dominion during the years 1875-1913 appears less severe than in Uruguay or the Argentine, see Table 2 . If uneven income distribution was a barrier to economic the longer-term economic development in the agricultural economies of the periphery, New Zealand, and Australia were less disadvantaged than the River Plate economies. There were greater disparities in wage-rental movements around the agricultural periphery following World War I. New Zealand's wage rental ratio rose sharply then, and the Dominion's experience was more akin to that of the USA and Table 3 . The null of nonstationarity is rejected only in the case of interest rates relative to nominal wage inflation. By implication, real interest rates did not shape the permanent swings in real wages in New Zealand. There is much discussion in New Zealand's historiography that interest earners were advantaged over commodity producers. 39 The findings here run counter to that hypothesis, and show no permanent real wage effects of real interest rate shifts.
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For real GDP per capita, the terms of trade, migration, and the rental-wage ratio, the cointegration results in Table 4 show that there are combinations of these variables that exhibit a long-run linear stationary relationship with real wages. Nominal interest rate -rate of wage inflation. The nominal interest rate is that earned by the trustee savings bank reported by J. Bere, G. R. Hawke, and D. Shepherd, The trustee savings banks. In the long run the results show a near one to one relationship between real wages and real GDP per capita. 40 Over the period 1873 to 1939 real wages rose by 0.87% p. a. and real GDP per capita by 0.78% p.a. Since the wage-rental ratio was similar in the 1880s and 1930s, distributional changes did not substantially upset the 40 GDP per capita provides a good indicator of GDP per worker over these years since participation rate shifts were modest. The occasional census data show labour participation was 41.0% in 1874, 41.6% in 1896, and 43.2% in 1936, se Bloomfield, New Zealand handbook. The increase is chiefly due to a rise in female participation.
balance between real wages and real GDP per capita over this period. Within these years there were marked discrepancies between GDP per capita and real wage growth, most obviously during the years of the long stagnation of real wages during the thirty years from 1890. The results in Table 4 show that shifts in the rental-wage ratio substantially explain the plateau in New Zealand real wages between 1890-1920, when real GDP per capita rose strongly. The rental-wage ratio rose around 100% over these thirty years, sufficient to depress real wages by 56%, all else equal, in the long run, according to the estimated coefficient for the rental-wage ratio. Of course real wages did not fall by this magnitude because of the rise in real GDP per capita.
While shifts in the terms of trade did not directly influence real wages, their movement was crucial, as we show below, for the rental-wage ratio, and thus labours' share of income. 41 Higher immigration did tend to reduce real wages, but the effects were small, since New Zealand's highest rates of immigration were during the Vogel boom of the 1870s. Over the next 60 years lower immigration rates tended to increase slightly real wages in New Zealand. The coefficient in Table 4 shows that a doubling of the migration rate reduces real wages by 0.02% in the long run. In the years 1920-27, net immigration was around 10-14,000 per year, similar to levels between 1900-14, but well below the 25-38,000 of 1874/5. New Zealand experienced net out migration in 1928, and between 1932-37. The cointegration results show that real wages between the world wars did benefit from less immigration, but the size of the effect is near zero.
The stagnation of New Zealand real wages in the thirty years after 1890, when real GDP per capita growth accelerates, indicates that there was a dislocation in the functional distribution of income, which coincided with the refrigeration boom and the economic frontier shifting to the North Island, and to more intensive dairy and meat farming. Much of the increase in GDP per capita resulted from a rise in the cultivated area, chiefly land sown with grasses, and from higher land productivity.
The number of cattle per cultivated acre more than doubled between 1890 and 1939. 42 The shift in income distribution, however, shows that landowners benefited, almost exclusively, from the rise in the terms of trade and the higher land productivity in the years of the refrigeration boom between 1890-1920.
International evidence shows that shifts in the terms of trade had a variety of implications for wage-rental ratios and income distribution between 1870-1939, with the land abundant economies of Asia experiencing the sharpest rise in income inequality. 43 Shifts in the terms of trade of these economies were magnified in the wage-rental ratio, as trade increased sharply the relative value of the abundant factor of production, land. 44 Rather unexpectedly, Williamson did not find evidence of a magnification effect for Australia, Uruguay, or Argentina.
Models of the wage-rental ratio postulate a negative relationship with the price of farm goods relative to manufactures (effectively the terms of trade), with a coefficient in excess of unity if the magnification effect applies, and also that rises in the capital-labour ratio and total factor productivity tend to increase wages, and falls in the land-labour ratio tend to increase rental values. 45 In part, the lack of empirical evidence for the magnification effect in countries of recent European settlement may be due the difficulties of measuring the relevant variables. In the case of New Zealand, estimation of a rental-wage model is hindered by an absence of capital stock data, and thus also of indicators of total factor productivity.
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Accordingly, the results in Table 5 incorporate, in addition to the terms of trade, a time trend to capture the effects of the missing variables. The results show a strong magnification effect, and indicate that a 10% rise in the terms of trade increased the rental-wage ratio by 19%. The trend variable has a negative sign, which is expected since accumulation and productivity tend to increase wages relatively, although the coefficient is not statistically significant. owners of the land. The Dominion's historiography tends to downplay the role of public policy in this process, stressing instead the shifts in farming practices engendered by refrigeration. The implication, however, is that the distribution of income was less extreme in New Zealand than elsewhere on the agricultural periphery because of the social depth of land ownership in the Dominion. 53 Consequentially, New Zealanders gained in greater depth than the populations of agricultural economies elsewhere from trade and rising land prices in the years to 1920.
A corollary to the close association between farm and general prosperity in New Zealand is that the subsequent reversals in the terms of trade and land prices in the 1920s had deeply depressing consequences in the Dominion, both for landowners and for workers' real wages. The collapse of land market activity played a large role in depressing New Zealand's real GDP per capita during the 1920s. Consequentially, there was little scope for higher real wages in the 1920s, despite the distributional shifts then favouring labour. Higher real wages awaited the economic upturn of the 1930s, which was facilitated by manipulating the currency to raise relative farm incomes, although the policy had the wider objective of promoting general economic recovery.
54
53 Public policy also attempted to aid urban workers, for example by tariffs, and latterly by direct intervention in the labour market. Galt, Wealth and its distribution, reports idiosyncratically even wealth distribution in New Zealand, although Shanahan, The distribution of personal wealth, argues Victoria had a similar profile. 54 Copland, New Zealand exchange.
